Interpretation of the solvatochromism in absorption and in fluorescence emission
We interpret the solvatochromism observed in absorption and in emission with the theoretical model that was recently introduced by Hynes et al [1] to account for photoinduced charge transfer for neutral and charged push-pull conjugated molecules induced by optical excitation. In this model, the role of solvent polarity is twofold. A more polar solvent first affects the energy gap between the ground and excited states with relaxed solvation shells (V adia eq in Figure 14Sa ).
This term tends to shift both the absorption and fluorescence spectra in the same direction, while keeping the Stokes shift S equal. Second, a more polar solvent increases the solvent reorganization energy Λ s , both in the ground (Λ g s ) and in the excited states (Λ ex s ), and this tends to increase the Stokes shift S = Λ ex s + Λ g s (Figure 14Sa ). In neutral basic states of the present series, the solvatochromic behavior is compatible with an increase of the dipole moment in its excited state as it is observed in related neutral push-pull molecules [2] . The equilibrated excited state is more stabilized by an increase of solvent polarity than the equilibrated ground state: V adia eq decreases when the solvent polarity is increased. At the same time, the solvent reorganization energies Λ ex s and Λ g s are increased in a more polar solvent. Consequently, solvatochromism is more pronounced in emission than in absorption. Indeed, an increase of polarity almost does not affect the wavelength of absorption whereas it promotes a red shift in emission. Using the two valence bond states description of the model [1] , the ground and excited electronic basic states are mixtures of the two valence bond states: N (neutral form) and Z (zwitterionic form bearing a negative and a positive charge on the nitrogen and oxygen atoms respectively) ( Figure 14Sb ). Then it is possible to use Eq.(1) to extract from the solvatochromism study an order of magnitude of the change upon light absorption ∆δ = δ ex − δ g in the negative and positive partial charge borne by the nitrogen and oxygen terminal atoms.
In the preceding equation, ∞ and r respectively designate the high frequency optical and zero frequency static dielectric constants of the solvent ( ∞ = n 2 where n is the refractive index of the solvent), r D and r A are the radii of the electron donating and accepting groups, and R DA is the donor-acceptor distance. Figure 15S displays the dependence of the Stokes shift S on the solvent parameter (
The dependence is reasonably linear and it is possible to extract ∆δ from the slope for 4-PYMPO, 2-PYMPO, and 4-PYMPO-NH 2 by using reasonable estimates for r D and r A (r D = r A = 4Å; [1] ), and by measuring R DA on a molecular model (R DA = 11Å for 4-PYMPO and 4-PYMPO-NH 2 , and R DA = 9Å for 2-PYMPO). We found: ∆δ = 0.4z e (z e = 1.6 10 −19 C) for the three investigated compounds.
In 4-PYMPOMe + ,TsO -considered as representative of the acidic state of the present oxazole, the observations are in line with the redistribution of the positive charge of the pyridinium on the molecular backbone upon light absorption. The ground and the excited states would be rather similarly affected by a change of solvent polarity: in contrast to the situation evoked in the preceding paragraph, V adia eq would be essentially independent on the solvent. At the same time, Λ ex s and Λ g s would increase in a more polar solvent. In the stilbazolium series analyzed in reference [1] , a blue (respectively red) shift was observed in absorption (respectively fluorescence emission) upon increasing solvent polarity. In the present series, one only observes a small blue shift in absorption and almost no change in fluorescence emission by increasing solvent polarity. Application to the evaluation of the protonation constant of the excited state
To address quantitatively the corresponding issue, we turn again to the theoretical model that was used above to analyze solvatochromism [1] . In relation to Figure 14Sa , one can write Eq.(2):
where k B is the Boltzmann constant, T the absolute temperature, h is the Planck constant, and c is the light velocity. Eq. (2) Table 3 ). This result was anticipated from the analysis of the solvatochromic study. Indeed the stabilization of the positive charge borne by the nitrogen atom of the pyridinium ring by the conjugated ortho amino group should be more pronounced in the ground state (δ g ≈ 0 in the reaction of proton exchange displayed in Figure 14Sb ) [1] than in the excited state (δ ex ≈ 0.5 in Figure 14Sb ).
Supplementary Materials
Equations associated to the dynamics of a closed system submitted to the processes displayed in Figure 6 In a closed system submitted to the processes displayed in Figure 6 , the concentrations obey the system of Eqs. (3) (4) (5) (6) where no bracket as well as no charge were introduced in the concentration notations in a purpose of simplification.
with one-photon excitation, whereas
with two-photon excitation;
, and τ respectively designate the rate constants associated to the reaction i → j, the molar absorption coefficient and the cross-section for two-photon absorption of the considered species at the excitation wavelength, the length of the light pathway in the sample, the surface of the light beam, the volume of irradiated sample, the intensity of the incident light at the excitation wavelength, and the lifetime of the considered excited state.
The steady-state
Expressions of the concentrations in BH, B, BH * and B * The concentrations at steady-state upon illumination are obtained by solving Eq. (7):
Under the present conditions of weak illumination (I 0 (λ exc ) ≈ 10 −9 einstein/s), the processes involving the excited states only slightly perturbate the processes involving the ground states and simplifying approximations can be made. In particular, the rates associated to the reactions BH BH * and B B * can be neglected in front of the other terms in Eqs. (3, 4) . Then, one has in the steady state:
where C B and K a respectively designate the total concentration in species derived from B, and the proton dissociation constant of BH + in the ground state. BH ∞ and B ∞ are essentially equal to the equilibrium values in the absence of light.
After reporting the expressions of BH ∞ and B ∞ in Eqs.(5,6), one finally obtains:
Using typical orders of magnitude for the rate constants (
κ BH * →BH ≈ κ B * →B ≈ 10 9 s −1 ), the latter expressions can be simplified in the three following pH regimes:
Theoretical expressions of the ratios of the absorbances and of the fluorescence emissions at two wavelengths with pH
Upon assumption of weak illumination, the ratio ρ
of the absorbances of {BH + , B} solutions at two different wavelengths λ 1 and λ 2 after one-
At a given excitation wavelength λ exc , the ratio ρ 
where φ and I(λ) respectively designate the quantum yield of fluorescence and the normalized emission spectrum of the considered species ( 
with Table 1S .
